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EZ%ZCT C P  FUEL VOL&TILITY  CHARACTERISTICS ON IGNITION-EXERGY 
REQUlREMENTS I N  A TU€U3OJET COMBUSTOR 
By Hampton H. Foster and David M. Straight 
An investigation was conducted t o  determine the  effect  of f u e l  vola- 
t i l i t y   cha rac t e r i s t i c s  on the minimum spark energy required to ignite a 
single tubular turbojet-engine combustor. Data were obtained at simu- 
la ted  s ta t ic   sea- level  engine start ing conditions f o r  a wide range of 
conibustor-inlet a i r  and f u e l  temperatures, and also f o r  a range of alti- 
tude inlet-air pressures and two a i r  flows. These data and some pre- 
vious ignit ion data are  presented  to  indicate  the  relation between the 
Reid vapor pressures and the A.S.T.M. d i s t i l l a t i o n  temperatures of the 
fuels  and the minimum ignition-energy requirements. 
In order t o  determine the relat ive igni t ion character is t ics  of the 
fuels at  various cmbbustor-inlet pressures and two air flaws, a rela- 
t ion  between the minimum. -energy requiremenis3 and aa empirkal 
function of conibustor-wet air pressure and velocity (v/@) was 
developed. The data obtained a t  both sea-level and altitude conditions 
showed tha t  the A.S.T.M. 15-percent evaporated temperatures of the fuels 
were generally indicative of their  ignit ion characterist ics;  whereas, 
the Reid vapor pressures of the  fuels w e r e  not. 
For the range of ccenbustor-inlet conditions investigated, spwk 
energies from 0.006 t o  4.0 joules were required t o  igni te  the various 
fuels . 
INTRODUCTION 
Operating eqer ience  has shown that   igni t ion in turbojet-engine 
combustors is markedly affected by fuel-volat t l i ty  character is t ics .  It 
is necessary, therefore, t o  specify these characteristics in order t o  
assure satisfactory ignit ion at all conditions requiring engine starting. 
Investigations conducted at the NACA Lewis  laboratory have sham 
that increases Fn fuel volati l i ty,  as represented by decreases in A.S.T.M. 
evaporation temperatures and increases in Reid vapor pressure, provide 
improved engine s ta r t ing  at l o w  m e t - a i r  and fue l  temperatures and at 
high altitude operating conditions (references 1 t o  8) The data of ref- 
erence 1 further  indicate a direct   re la t ion between the A.S.T.M. 
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10-percent evaporated.temperatue of ,the fuel and the minimum fue l  flow 
required for ignition;- . The resu l t s  of these 5nvestigations do not, huw- 
ever, establish conclusively the fuel property or properties controlling 
ignit ion Wasmuch a s   d i s t i l l a t i on  temperature and vapor pressure of the 
fuels  were varied simultaneously. Furthermore, fuel viscosity, which 
may significantly affect fuel-spray characteristics, varied considerably. 
Current jet-engine fuel specifications (MIL-F-5624A, grade JP-4) 
contain limitations on the maximum 10-percent evaporated temperature and 
on the range of Reid vapor pressure with a view to assuring satlsfactory 
ignit ion without too great a compromise in alrtitude evaporation loss and 
fuel availabil i ty considerations.  Inasmuch as it is desirable to m i n i -  
mize the number of specifications of a fuel in order t o  ease manufactur- 
ing and ava i lab i l i ty  problems, further research to determine the specific 
volati l i ty characterist ics that  control ignit ion is  warranted. Accord- 
ingly, the investigation reported herein was conducted t o  determine sep- 
arate  effects  of A.S.T.M. d i s t i l l a t i o n  temperature characterist ics and 
Reid vapor pressure on turbojet-combustor ignition. In order t o  eliminate 
viscosity as a factor ,  four  fuels  of equivalent viscosities but of dif- 
ferent volat i l i ty  character is t ics  were chosen. Two additional productim- 
type turbojet engine fuels were included. 
The  minimum spark energies required f o r  ignitfon of these f'uels i n  
a single turbojet combustor were determined a t  operating conditions sim- 
ulating both sea-level and a l t i tude  engine starting. Altitude data were 
obtained a t  two air flows for a range of conibuetor-inlet pressures a t  
constant inlet-air and fue l  temperature; the sea-level da$a simulated 
engine cranking conditions over a range of in le t -a i r  and f u e l  tempera- 
tures. The data are analyzed and  compared to  indicate  the relat ive 
importance of A.S.T.M. d i s t i l l a t i on  temperatures and Reid vapor pressure 
in  determining ease of ignition in the combustor. In order t o  supplement 
these data, results from an earlier investigation (reference 2 )  are 
included. 
U 
The following six fue ls  were used in the ignition investigation: 
NACA Fuel  Description 
51-196 Nominal  7-pound Reid  vapor preeswe fuel  meeting MIL,-F-5624A, 
grade JP-3, volatility specifFcations . 
51-194 N o m i n a l  7-pound Reid  vapor pressure fuel meeting MIL-F-5624A, 
made JP-3, volat i l i ty   specif icathms " 
51-192 Nominal  3-pound Reid vapor pressure fuel meeting MIL-F-5624A, 
grade Jp-4, volati l i ty specifications,  except fo r  t he  
10-percent evaporated temperature requirement 
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51-190 Nominal  3-pound Reid vapor pressure fuel meeting MIL-F-5624A, 
L grade JT-4, volat i l i ty   spec f cat ions 
50-197 N o m i n a l  1-pound Reid  vapor pressure fuel (modified JP-3 fue l )  
obtained by removing vola t i le  components from MIL-F-5624A 
s tack   to  adjust the Reid vapor pressure  to a nominal 1 pound 
per square inch 
n3 
tP 
03 
4 52-53 MIL-F-5624A, grade JP-4; "a  high  quality" JP-4 base 
Dis t i l l a t ion  curves of these six fuels are presented in figure 1; phy- 
sical  properties of the fuels are presented in table  I. NACA fuels  
51-196 ana 51-194 have equivalent Reid vapor pressures but have widely 
different  dist i l lat ion  temperatures ; t h i s  i s  a l so  t rue of NACA fuels  
51-192 and 51-190. Physical properties of the three fuels investigated 
in reference 2 are a l so  included in table I. 
APPARATUS 
Combustor 
A single tubular turbojet-engine combustor ( f ig .  2) was Instal led 
in a direct-connect duct t e s t   f a c i l i t y  described in de ta i l  in refer- 
ences 1 and 9. Instrumentation f o r  indicating combustor-inlet and 
-out le t   a i r  t o t a l  pressures and  temperatures  is-described  in  refer- 
ence 9.  Calibrated rotameters indicated the rate of fuel flow required 
for ignition. A copper fuel-cooling c o i l  (50 f.t long and 3/8 in. O.D.) 
was ins ta l led  in the   in le t -a i r  duct close t o  the  combustor t o  supply 
f u e l   a t  a temperature near that of the inlet-air  temperature (fig.  2). 
A small (10.5 gal/& 80° spray-cone angle) f ixed-area fue l  nozzle 
was used in order t o  maintain fue l  atomization as nearly constant as 
possible.  Start ing fuel flows were between 25 and 50 pounds per hour f o r  
the   a i r  flows wed; nozzle pressure drops were between 13 and 50 pounds 
per square inch. A t  these pressure drops the fuel spray is well devel- 
oped and is little affected by the air-flow currents in the combustor 
(reference 10) . 
Ignition Sys tem 
The ignition system was of the variable-energy capacitance-discharge 
type; a simplified circuit diagram is shown in figure 3. In general, the 
apparatus was similar t o   t h a t  used in reference 2 except t ha t  *roved 
means for measurhg the condenser voltage waa afforded by a calibrated 
direct-current  oscilloscope which showed maximum and minimum voltages 
during sparking. The voltage and condenser capacitance could be varied 
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through a wide range, allowing a variation in spark energy from several. 
mi l l i jou les  to  over 10 joules. condenser capacitance was varied (in six 
steps) from 0.025 t o  13 microfarads and-the voltage varied from 350 t o  
1400 volts  to  obtain the required range of spark energy. The energy wa8 
calculated as . . .. . . .. 
E = 112 CV2 
where 
E energy, joules 
C capacitance, farads 
V voltage,  volts 
A standard aircraft-type spark plug (electrode gap, 0.060 in. ) was used. 
A spark  repeti t ion  rate of 8 sparks per second w a s  maintained. 
PROCEDURE 
The minimum spark energy required t o  ignite the combustor wi th  each 
f u e l  w a s  determined at vazious combustor operating conditions. Sea-level 
t e s t s  were conducted a t  conditians simulating a sea-level engine cranking 
speed of about 9 percent normal rated speed for a range of combustor- 
i n l e t  air  and f u e l  tesrperatures from 80° t o  -40' F. The combustor-inlet 
air  pressures (31.3 t o  31.6 in. Hg abs) and flow rates (1.28 to 
1.68 lb/(sec) (sq ft) based on a conibustor maximum cross-sectional &rea 
of 0.267 sq f t )  were accordingly adjusted for the simulated conditions. 
Altitude tests were conducted over a range of conibustor-inlet air 
pressures, two air flows (1.87 and 3.75 lb/( sec) (sq f t )  ), and a constant 
Wet-air and f u e l  temperature of loo F. 
After the combustor-inlet a i r  conditions were established, the 
ignit ion system w a s  energized and adjusted  to  the prescribed spark 
repet i t ion rate and desired spark energy level. Fuel was admftted to 
the combustor by opening the th ro t t l e  slowly un t i l  i'gnition occurred, 
allowing a maximum time interval of about 30 seconds for ignit ion.  !The 
occurrence of ignit ion was indicated by a temperature rise in the combus- 
to r .  The cr i ter ion for  sat isfactory igni t ion was that  the flame f i l l  
the combustor and continue burning d t e r  the spark was de-energized. 
The reported spark-energy requirements were established by first 
selecting an arbi t rary energy value and then successively increasing or 
decreasing t h i s  value t o  determine a mintmum energy that would give 
repeated satisfactory ignition. One fuel (NACA fuel 50-197) vas tested c 
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at  several  conditions between each additional  fuel test to   es tabl ish  the - degree of reproducibility of the  ignition-energy data. 
RESULTS AM) DISCUSSION 
Ignition at Sea-Level Conditions 
The data obtained at simulated sea-level conditions indicate the 
combined ef fec t  of variations in conibuetor-inlet a i r  and fue l  temperature 
on min- ignition-energy requirements for six fuels ( f ig .  4) .  he 
spark energies required increased about three times f o r  a change i n  i n l e t  
air and fue l  temperatures from 80° t o  -40' F. The t o t a l  spread among the 
fuels represents approximately a 2 : l  ignition-energy range. It is noted 
that, although the lovest R e i d  vapor pressure fuel ( fuel  50-197), 
required higher energies than did most of the other fuels, no consistent 
re la t ion between Reid vapor pressure and minimum ignit ion energy was 
apparent. 
Ignition a t  Altitude Conditions 
The minimum ignition-energy requirements of the six f u e l s   a t  alti- 
tude operating conditions are presented in figures 5 and 6. NACA f u e l  
50-197 was tested at frequent intervals during the Fnvestigation; the 
results (f ig .  5) indicate .the degree of reproducibility of these data. 
The data  indicate an approximately hundredfold increase in required 
spark energy with a decrease in conibustor-inlet pressure from 1 atmos- 
phere t o  the limiting value. A t  constant, law-pressure conditions, 
similar increases in energy resulted from a twofold increase in air flaw. 
Compred with these effects, the effects of variations in fue l  proper- 
t i e s  on spaxk-energy requirements ( f ig .  6) were small. In general, the 
spark energy required to  ignite  the vazious fuels  f o r  the range of 
cambustor-inlet conditions investigated varied f rom 0.006 t o  about 
4.0 joules. 
In order t o  f a c i l i t a t e  comparison of the ignition-energy require- 
ments  of the fuels, an emgirical  parameter V / e ,  where V i s  the ref-  
erence  velocity (baaed on inlet-alr   density and maximum combustor cross- 
sectional area) and P, the inlet-air  t o t a l  pressure, was developed. 
The data obtained at the two a i r  flows are thus generalized in to  a 
single curve, as shown in figure 7. In general, the degree of correla- 
t ion  was very  sat isfactory  for   the range of conditions investigated. 
Figure 8 presents a summary of the curves of f igure 7 and affords a 
comparison of the ignit ion quali ty of the six fuels investigated. It is 
noted that, over most of  the range of the parameter V / e ,  nearly 
s t r a igh t -ue  co r re l a t ions  tha t  converge a t  low values of v/@ 
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were obtained. With respect t o  e f f ec t s  of fuel properties, it i s  noted 
tha t  the two c w e s  representing the fuels vith the highest Reid vapor 
pressures, 6.8 and 6.5, are widely separated; this i s  a lso t rue of the 
curves representing the fuels  w i t h  Reid vapor pressures of 3 and 2.9. 
Also, fuels  of approximately 3 and 6 pounds per square inch Reid vapor 
pressure  required  very similar ignition  energies. Thus, a t   a l t i t ude  z 
conditions, a s  i n  the case a t  sea-level conditions, Reid vapor pres- . 
sure has no apparent relation  with  fuel  ignit ion  characterist ics.  
. 
co 
-"  
Relation Between A.S.T.M. Distillation Data and M i n i m u m  
Ignition-Ektergy Requirements 
If increased evaporation rate i s  assumed to  fac i l i t a te  ign i t ion ,  it 
is t o  be expected tha t  decreased evaporation temperatures should reduce 
ignttim-energy requirements. The comparisons shown in figures 4 and 8 
indicate  that fuels 52-53 and 51-194 were most easily  ignited a t  both 
the sea-level and altitude conditions investigated. When the A.S.T.M. 
evaporation temperature data of the fuels (fig. 1) are considered, it is  
seen that evqoration  percentages below approxhmtely 30 percent only 
would predict the low ignition-energy requirements fo r  fuel 51-194. A 
relation between ignition energy and the A.S.T.M. 15-percent d i s t i l l a t i on  
temperature was found t o  be most sa-Lisfactory. Figure 9, a cross plot of 
the data of figure 4 shows the  relation between the 15-percent evaporkted 
fuel temperature and the minimum ignition energy for the range of 
combustor-inlet air and f u e l  temperature a t  sea-level operating condi- 
tions. The increase i n  ignit ion energy i s  about 1.7 times for a change 
in  the  15-percent evaporated fuel temperature from 168O t o  344' F. Fig- 
ure 10 presents a similar cross plot of the results from figure 8 to  a h o w  
minimum ignition-energy requirements as a function of the  E-percent 
evaporated f u e l  temperature fo r  the data obtained at altitude  conditions. 
These curves indicate about a 2 : l  increase i n  m i n i m  ignition-energy 
requirements a t   t h e  lowest value of the inlet  air parameter, and a 1O:l 
increase at the highest value of the parameter, for an increase i n  the 
15"percent evaporated fuel temperature from 168' t o  344O F. A more 
satisfactory  relation between ignition energy and A.S.T.M. 15-percent 
evaporated temperature was obtained with the  altitude  data  than  with  the 
sea-level data. Sea-level data required . e n e r g y  levels near the limits 
af the ignition system and was subject to greater inaccuracies in energy 
measurements. 
4 - -  
. .  
" 
.. . 
- ." . - . " 
Application of Relation t o  Data from Previous Investigation 
Although the fuels  investigated in reference 2 varied considerably 
in viscosity, and hence may have been tested under varylng fuel atomiza- 
tion conditions, it is of interest t o  campare the resul ts  with the resul ts  
presented herein. Figure ll shows the relation between the imi t ion-  
II 
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energy data of reference 2 and the parameter V/@. The air-flow range 
flows) and the  scat ter  is consiaerably greater than was obtained in the 
present investigation. The increased scatter may be par t ly  a t t r ibuted 
to  the  greater range of a i r  flow; also, the present data were obtained 
w i t h  improved spark-energy measurement instrumentation and with a dif-  
ferent fuel nozzle. A summary of the curves of  figure 11 i s  presented 
in figure 12. The Jp-1 fuel  curve has been omitted because of the 
extreme scat ter  of the data. It i s  noted that the fuel with the higher 
Reid vapor pressure required the smaller spark energy f o r  ignition. 
Figure 13 shows the  re la t ion between the sea-level ignition-energy data 
of reference 2 and the A.S.T.M. 15-percent evaporated fue l  temgerature. 
The curves, in general, have steeper slopes and are at samewhat higher 
spark-energy levels than those obtained in the present investigation. 
These differences may be attr ibuted t o  different spark-energy measure- 
ment instrumentation, different f u e l  injection nozzles, or  both. For 
example, the greater cmbustor-wall wetting (reference 10) obtained with 
the variable-area fuel nozzle used in reference 2 may decrease the proba- 
b i l i t y  of an optimum vaporized fuel-air  mixture at the  spark  electrodes 
as compared w i t h  the small f u e l  nozzle used Fn the present investigation. 
A cross plot of the alt i tude data of reference 2 ( f ig .  1 2 )  is presented 
in figure 14 t o  show minFmum ignit ion energy as a function of the A.S.T.M. 
15-percent evaporated fuel tepperature. For the two  fuels  that  can be 
included in this  plot ,  there  is about a threefold increase in ignition 
energy f o r  an increase Fn the 15-percent evaporated fuel-temperature from 
145O t o  355O F. 
* f o r  these  data is much greater (0.37 t o  6.40 lb/(sec)  (sq f t ) ,  seven a i r  
The results obtained from this investigation indicate that the 
ignit ion  quali ty of turboQet-engine fuels  should be controlled  by a;n 
A.S.T.M. d i s t i l l a t i o n  temperature, probably the 15-percent evaporated 
temperature. The Reid vapor pressure should not, on the other hand, be 
considered a significant factor in controlling the ignition-energy 
requirements of tu rbo  jet-engine  fuels. 
SUMMAKY OF RESULTS 
From an investigation t o  determine the  effect  of fue l   vo la t i l i t y  
characterist ics on the minimum ignition-energy requirements of s ix   fue l s  
in a single tubular (turbojet engine) c&ustor, the following results 
were obtained: 
1. The R e i d  vapor pressures of the fuels were not indicative of 
their  igni t ion character is t ics  a t  sea- level  o r  a l t i t ude   i n l e t  conditions; 
the A.S.T.M. 15-percent evaporated f u e l  temperature was generally indica- 
t i ve  of the ignit ion characterist ics of the fuels at both sea-level and 
altitude operating conditions. 
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2. A relation between the minimum ignition-energy requirements and 
an empirical function of combustor-inlet a i r  pressure and .velocity V/@ 
was used t o  determine the relative ignit ion characterist ics of the  fuels  
a t  various combustor-inlet pressures and two a i r  fluws. .. .. 
3. For the range of coIribustor-inlet conditions investigated, spark 
energies from 0.006 t o  4.0 joules were requiredto ignite the various 
fuels.  . .  
4.  The trends obtained agreed qualitatively wfth results of a 
previous ignition investigation with a very limited number of fuels.  
Lewis Flight Propulsion Laboratory 
Cleveland, Ohio 
National Advisory Committee f o r  Aeronautics .. . 
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N E A  Fuel A.S.T.M. distillation temperature, 9 Bpecific 
@ B V w  fuel 
number Initial  Percentage  evaporated Final  
boilin 
pobt 
' 5 10 20 30 40 50 60 70 80 90 95 pobt boiling 
51-196 7 - P W  109 138 250 343 356 364 372 381 393 412 452 489 530 0.749 
51-190 3-Po~nd 129 192 241 329 355 368 375 584 396 417 455 493 523 0.752 
50-L97 l - P m d  181 242 271 300 319 332 351 565 381 403 44l 470 508 0.780 
MJLF-5624A 
52-53 pede JP-4 136 185 200 225 244 263  278 301 321 347 403 4!54 498 0,757 
48-306 made JP-la 340  350 ?i55 360  364  367  375 380 384 391 402 --- 440 0.830 
MIL-F-5616 
49-246 l-Fmmda WO 224 243 276 302 328 355 384 4l.3 4Al 47% --- 560 0.803 
mF-5624A 
50-174 @& Jp-3a 114 128 138  149 1M) 174 188 204  231 330 439 --- 533 0.725 
1 
I 
Re id 
vapor 
(lb/sq in. pressure 
6.8 
6 -5 
2.9 
2.7 
1.0 
2.9 
0-0.2 
1.0 
6.5 
I 
viscosity 
"-" I 4.20 I 
"-" I 1.65 I 
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Figure 1. - Variation of A.S.T.M. disti l lat ion temgerature with percentage 
evaporated. 
c 
. . . . ". . - . . . . . . . . . . . . . . - . . . . .. . . . .. . . . . . . . .. . 
Fignro 2. - Diagccnnmatic cross section of eiagle tubuhr cambustor. 
, 
. . . . .  . - . . .. . .  
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I T 1 Conibustor 
Calibrated d-c. oscilloscope to 
indicate maximrrm and minimum 
condenser voltage during firing 
(variable) 
Transformer T injects varg high voltage, q q  
low energy pulses w t t h  a variable frequency 
determined by setting of "2. Each high voltage 
ionizes the oombuetor spark plug gap and permits 
the relatively high energy of C l  to be dis- 
charged through the eombuator spark plug. C 1  con- 
siste' of a bank of condensere any one of whlch can 
be  select& to prooide 8 specific knovn energy per 
apark. 
1 
c - pulse euperimgosed on the lar voltage of C 1  
F i g m e  3. - Simplified circuit dim of spark ignit ion aystem. 
. . .  
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Figure 5. - Effect o f  canbustor-Met  total preseun and air f l o w  on minirmmr 
epark energy required for m i t i o n .  Data obtainea at frequent interval8 
auring investigation. NACA fuel 50-1971 inlet-& and fuel temperature, 
IDo F. 
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Q J-POund 51-192 
3-POUnd 51-190 
.OM - I I I 
Eo ignition """ 
14 18 22 26 30 34 
Combustor-inlet  total  preseure, in. Hg abs 
(a) A i r  flow, 1.87 pounds per second per square foot. 
Figure 6. - Effect of combustor-inlet  total  pressure on mi- spark energy 
required for ignition of six fuels of different  volatility  characteristics. 
Conitrustor-inlet a- and fuel teqerature, loo F. 
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1 
Combustor-inlet  total  pressure, in. Hg abs 
(b) Air flow, 3.75 pounds per second per square foot. 
Figure 6. - Concluded. m e c t  of confbustor-inlet  total pressure 
on minimum spark energy required for ignition of six fuels of 
different volatility characteristics.  Combustor-inlet air and 
fuel temperature, IDo F. 
T t P 
+ 
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1 
(a) IUCA Fuel 51-196. 
Figure 7 .  - M i n i m u m  spark energy  required for ignition as function 
of combustor-inlet air pressure and velocity for six fuels of 
different w l a t i U y  characterletics. Combustor-inlet air and 
fuel temperature, loo F. 
. " . 
N 
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F m e  7. - Continued. Minimum spark energy required for igni- 
tion w function of conibustor-inlet air pressure and velocity 
for six fuels of different  volat3lity  characteristice. 
Couibustor-inlet air and fuel temperature, IOo F. 
20 NACA RM E52JZ1 
( c) HACA ftld. 51-192. 
Figure 7.  - Continued. I d i n h u m  spark energy required for  igni- 
tion aa function of co6buetor-inlet air pressure end velocity 
for eix fuel0 of different  volatility  characteristics. 
Combusbor-inlet a i r  and fuel tenperature, loo F. 
.. . .
NACA RM E52521 - 
(a) RACA fuel 51-190. 
Figure 7. - Continued,. Minimum spark energy required for igni- 
tion as  function of combustor-inlet air pressure and velocity 
for six fuels of different volatility characteristics. 
com?mstor-%et air and fuel temperature, 10' B. 
21 
22 - NACA RM E52J21 
V / p -  ft/eec ' in. Hg abs 
(e) NACA fuel 50-197. 
Figure 7 .  - Con-kirmed. Mlnirmnn spark energy required for ignition as func- 
tion of conitmator-inlet air pressure and velocity for s i x  fuels of dH- 
ferent  volatility  characteristics.  Combustor-inlet  air  and fuel tempera- 
ture, 10' B. . .  
. .. 
- .  
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v/&, " in. Hg abs 
(f) NACA fuel  52-53. 
Figure 7 .  - Concluded. Minimum, spark energy required far ignition as function of 
combustor-inlet air pressure apd velooity for sir f i d e  of different volatility 
characteristics. Ccmbustor-inlet air and fud temperature, loo F. 
2 
24 - NACA RM E52521 
Figure 8. - Comparison of minimum spark energy requlred for ignition  as  function 
of &stor-bl&  air pressure end velocity of six fuels of different vola- 
tility  characteristics.  Combustor-inlet air and fuel temperature, Loo F. 
. .  
. ." 
4E NACA RM E52J21 ___ 25 
.04 
.02 
.001 
3 io 200 250  300 350 
A.S.T.M. 15-percent  evaporated fuel 
temperature, OF 
Figure 9. - Ycinimum spark  energy  required for ignition  for six 
fuels as  function of =-percent  evaporated fuel temperature 
at  several  combustor-inlet  air  and fuel temperatures. Simu- 
lated  engine  cranking  speed,  9-percent normal rated  speed; 
static  sea-level  conditions. 
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Figure  10. - Minimum spark energy required for i g n i t i o n  of s ix  
mels as funct ion  of 15-percent evaporated fuel temperature 
at several valuee of V/a. Combustor-idet air  -and f u e l  
temperature, loo F. 
. . " 
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(a) JP-3 fuel  (PIACA fuel 50-174) . 
Figure ll. - M~K&LUII spark energy required f o r  ignition as function of 
combustor-fnlet pressure and ve loc i t  fo r  data of reference 2. 
Conibustor-inlet a h  temperature, -10 FJ conkustor-inlet fuel tan- 
perature, -40' F. 
TJ 
NACA RM E52J21 
(b) I-Pound fuel (HACA fuel 49-246). 
Figure ll. - Continued. Mlnlmum apark energy required for Ignition as ?unction 
of conibuetor-inlet  preseure and velocity  for b t a  of rderence 2. Conibustor- 
inlet  air  temperature, -10' FJ combustor-Inlet fuel temperature, -40' F. 
. .. 
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. s 
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(c) JP-1 fuel (HACA fuel 48-396). 
Figure ll. - Concluded. Minimum spark energy required for ignition as 
function of combustor-inlet pressure and velocity fo r  data of refer- 
ence 2. Canibustor-inlet air teQerature, -loo F; conbustor-inlet 
fuel temperature, -BOO F. 
30 - NACA RM ~ 5 2 5 2 1  
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Figure 12. - Comparison of minimum spark energy required f o r  ignition f o r .  
two fuels  of different  voht iuty character is t ics  ( reference 2) .  
Comtustor-inlet a ~ r  temperature, -10' F; c o a u s t o r - w e t  fuel tempera- 
ture, -40~ F. 
" _  
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Figure 13. - Minimum epark energy required fo r  igni t ion  for  three fuels ea 
function of 15-percent evaporated fuel temperature et several combustor- 
in le t  air and AZeI. temperatures (reference 2). B m t d  engine cranking 
speed, 9-percent normal rated speed; Static eea-level conditione. 
32 0 NMA FM E52521 
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Figure 14. - Minimum spark energy required for Igni t ion  for two 
,$W&LEI Et8 function of 15-percent evaporated fuel temperature 
0 
a t  eeveral values of V/@ (mta of referenoe 2 ) .  Combuetor- 
Inlet a i r  temperature, -10' Fj oombuetor-Inlet fuel tempera- 
ture, -400 F. 
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